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Abstract
We show that the Cabbibo-Kobayashi-Maskawa interaction matrix may be constructed with the quark
masses.
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I. INTRODUCTION
In the standard model (SM) the coupling between quarks and vectorial bosons is provided by
the Lagrangian
Lint =− g√
2
(u¯L, c¯L, t¯L)ΓVCKM


dL
sL
bL

+h.c. (1)
where Γ ≡ γµW+µ , and the quark mixing is given by the dimensionless Cabbibo-Kobayashi-
Maskawa (CKM) matrix [1–3]
VCKM =


Vud Vus Vub
Vdc Vsc Vcb
Vdt Vst Vbt

 . (2)
This description provided by the CKM matrix and the Lagrangian (1) has proven very successful
in accounting for quark decaying processes, and there are reasonably accurate experimental con-
straints on the values of the CKM matrix elements, the moduli of which, according to [3], being
approximately
|VCKM| ≈


0.97 0.22 3.5×10−3
0.22 0.97 4×10−2
8.7×10−3 4×10−2 1

 . (3)
However, the origin of the CKM matrix remains a mystery in the SM.
In a recent series of papers [4, 5] one of us has shown how to relate the origin of the masses
of all bodies to the Mach principle. We understand this principle, according to ideas explored
by Einstein in his theory of gravity, as the statement according to which the inertial properties
of a body B are determined by the energy-momentum throughout all space represented by the
most homogeneous state, which is related to the vacuum of all remaining bodies. This amounts
to describe the energy-momentum distribution of all bodies complementary to B as related to the
vacuum energy density
Tµν = ρvac gµν . (4)
It should be stressed that in this mechanism the gravitational field acts merely as a catalyst, and
the final expression of the masses depends neither on the intensity nor on the properties of the
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gravitational field. Moreover it can be used in a equivalent way to give mass not only to fermions
but to all particles, including the Higgs boson [5].
In particular, for fermions the gravitational mechanism of mass generation implies the follow-
ing relation between the mass and the vacuum energy density
M
σ
=
ρvac
c2
, (5)
where σ is a constant with dimensions of (length)3. According to this expression, the fermion
acquires a mass M that depends crucially on a non-vanishing ρvac. Since σ (one for each fermion)
has dimensions of (length)3, one can define from it an associated effective fermion radius by setting
σ = R3.
A similar situation – although interpreted in a very distinct way – occurs in the framework of
the Higgs mechanism, where the vacuum state of the Higgs boson has precisely the form of energy
distribution as in (4). In this scenario one can alternatively associate what we call, according to
Mach, the rest-of-the-universe to the vacuum of the Higgs field.
In the present letter we will propose an explanation for the origin of the CKMmatrix which rests
on the gravitational mechanism of mass generation [4, 5]. Only the quark masses are employed
here to build the quark mixing matrix, as will be explained in what follows.
II. QUARK MASSES AND THE CKM MATRIX
The existence of an effective radius Ri for each fermion ψi allows us to make the hypothesis
that each element Vi j of the interaction matrix VCKM is related to the ratios Ri/R j. Consider the
matrix
Q =


Qud Qus Qub
Qdc Qsc Qcb
Qdt Qst Qbt

 , (6)
the elements of which are constructed as
Qi j ≡ Ri
R j
=
(
Mi
M j
)1/3
, Mi < M j, (7)
where the equality follows from relation (5). Let us define the associated matrix
S ≡


Qud
1
2∆Qus Qub
1
2∆ Qdc Qsc Qcb
Qdt Qst Qbt

 , (8)
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where
∆≡ det(Q). (9)
We propose to reformulate the Lagrangian (1) by inserting in the place of VCKM the following
quark mixing matrix
VQ = exp
[− i∆(S+ST)], (10)
where
exp(A) =
∞
∑
n=0
An
n!
≈ I +A (11)
is the matrix exponential of a matrix A, I being the 3× 3 identity matrix. Note that the matrix
VQ is unitary by construction. Note also that no free parameters other then the quark masses are
employed here. Interestingly, relation (10) bares some resemblance with the matrix exponential
parametrization of VCKM proposed in the past [6, 7].
According to (7), a large difference between two quarks masses implies a large ratio between
the effective fermion radii associated to them. We have associated the transition rate between
two quarks, through charged weak current, to the effective radii overlapping. In this way we can
roughly associate to the modulus of each CKM matrix element the ratio between the cubic root of
the masses of the two quarks involved in a particular transition.
Adopting here the numerical values for the quark masses as in [8], viz. Mt = 173,1 Gev,
Mb = 4.18 Gev, Mc = 1.28 Gev, Ms = 96 Mev, Md = 4.7 Mev, Mu = 2.2 Mev, the determinant of
Q is ∆ = 4.4×10−2, and relations (10), (7) and (9) yield the moduli matrix
|VQ| ≈


1 0.22 5×10−3
0.22 1 3.4×10−2
5×10−3 3.4×10−2 1

 , (12)
which has a striking similarity with the CKM matrix (3). The discrepancies we encounter here
may be credited to inaccuracies in the quark masses estimates, since they are strongly dependent
on the theoretical model adopted to obtain them. The exception for this argument are the terms
Vus = Vdc which must be divided by 2∆ to match the observed values. The reason behind this is
still unknown to us.
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III. FINAL COMMENTS
The similarity between the CKM matrix (3) and the matrix (12) is remarkable and points in
the direction that the interaction process is indeed controlled by the ratio of the effective radius.
This shows the existence of an intimate connection between the CKM matrix and the quarks
masses. The relationship between quark mass and CKM matrix elements is a long term discussed
in literature. In fact an old speculation by Weinberg [9] related the Cabibbo angle with the square
root of the d and s quarks mass ratio. In this paper we related the CKM matrix elements directly
with the effective ratio, and indirectly with, not a square root, but cubic root of the ratio of quarks
masses.
It is interesting to note that when the vacuum energy density in equation (4) is associated with
the Higgs vacuum, the right-hand-side of relation (5) can be written in terms of the density of the
Higgs vacuum energy as
Mq c
2
R3q
=
E4vac.
(h¯ c)3
. (13)
As a consequence, we can obtain the value of the effective fermion radius Rq in terms of its
corresponding Compton radius λq = h/Mqc as, viz.
Rq
λq
=
1
2pi
(
Eq
Evac.
)4/3
. (14)
It turns out that the quark effective radius is always smaller than its corresponding Compton wave-
lenght. It should be stressed that for the present analysis relating the CKM matrix to the gravita-
tional mechanism of mass generation it is not necessary to know the value of the vacuum energy
Evac..
A procedure similar to the one presented here for quarks can be employed to the construction
of the Pontecorvo-Maki-Nakagawa-Sakata matrix which describes neutrino mixing in the leptonic
sector. We will analyze this case elsewhere.
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